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(57) [«pffF»*<OttH] 

est #si i ] = ^Jdiik^^diik^aLa^±-^ 

X£H1*.» zi^^UkiL2id^z±M±&MM^MMl^ 
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T £ D C - D C 3 >A— ^ 0 



(2) 

3 

Vy y3^FtEE*iT^^ ^O. y^m^OM 
»SflEa*2?«»N£ <fc o T± C £ filE^lT^^ <h € £ 

A-* 0 

i*fs t isfzmMm i ffiSjoDD c - d c n yn—*?« 
£ «^ <h ^ l t ^ -5 z. t & w a £ r s if * m 1 1 s $ co d 

c-DC3>;Wo 
[f&^<at¥iffl&ift9i] 

[0 0 0 1 ] 
[0 0 0 2] 

fcVln&X'f y^m? MOS-FET) <7)X 

out^ft^fHai^T^feCDU^^o C -D 

fP*S0WTSili:7?±l5ffi*«fiEVout^pIXfilffll"rs 30 
C^TTfr*. ^ftnH A#«JEEVinfc:*t-r*ffl* 
mmVout<^it (Affi#£8IJt) ttX-fy^StFOX^f 

out«r«HibR«ia«BEJcS^^TJiEffiA«ffiVoutSr 
[0 0 0 3] 

L<fc 3 £"r<SR«l A^^JEV 40 

in<7>m^^:±#^ft®Oiimm«tM^tcSSUT, DC 
- D C 3 >A— ^ «b ft*? IC gyg L T ti -5 th V ou 
t^OfcA^fr^JBE A— S/a.— ME) *DC- 

[0 0 0 4] ZL<D£5tem&* _tlB^" — A — z/zl — 

±B*—A-: xzl- h«EEK*i; ft*. 
*<0»lZ. ^-A-S/zL-hSflECOS3j[jPtt^Wm^n 
TDC-DC3 > A— ^<0HJ#«<O«ffirt*€tt$>ttEffl 



&ff3 3 9 1 3 2 0 

4 

m^ox-t y^>>fmfcnm\zmm\sx. A*«EEvin 

>v<Dm^mK.mj:r)h{&<u^T^z>rc#>iz. ±mw- 
mzi frztscmzntcmmz, dc-dc^>a 

-*<DAtim\Z\5\llTffi.n, DC-DC3>A-^Otti 

xmfrZAxmizfofromnmtteZo 
[0005] zommffiommmi*. .be*— a— >>a. 

[0006] -^©j:3^#^2em«^ii«UTU^3 

©tt, Se*<OH»l!8«fE8g«:«AfeDC-DCzi>A-^ 
(3 7 (a) K^T<fc5&U^aU-S'3>tete* 

«»Eg£?iJ/B bT«SSE¥»Srff -^TaSE<Dm*«EEVou 
t^{li W^^^ C - D C □ >A-^T1j:, 07 

(a) \z^?&oiz, &timffi><D&^fa<D^W)m\ztt 
?&mt>ni£vout<DM))njjfa<D^mm <«#) 

7 (a) {Cl^-rm*««E^iE (+) ?*5S««DC- 

Dc^>n—?<D\timfrzmt>m\zfaWTmfjmffi& 

is«UTi^««7?*o. m*e«t^m (-) T&£M 

« D C - D C 3 > A* — 9 <D ffi ftj ^ 6 A fill \ Z m » T 

[0 0 0 7)«m ^7 (a) \Z^T<koUU=£^ 
Is— is 3 >W&&&~Dfc£>\Z. DC-DC3> 
A--^©ffl#fflJC«ffiffia*Vx tlr^l^- A— > 

[0008] dco^c^^mstiim^ckoT, A^&m 

»E X h 1/ A D C - D C Zl > / \* - 9 £ ffi & L T I *5 SB iPd 

iztoJtt>tiTffi&mm<£>m&&z><> %rz. h^>a^, 

Dc-DC3>;\-mi y^m^^ymmiz 
mnffi&niz&z±2unmx.*)i'¥-fr±m^a-? 
zi-t ji^h^yxizwmzn. x^y^-m^^-yvrz 
mm^(Dwm^nrc^j^-\z&^rzL^f3:m& 
wx-fy^m?** mmw-mm<ommmmm\zwimLx 
y?-m^mm&ffi^*fomi,Tis&om&&Zo 
z_(D£?\z. ^ummffi.mmizmmisXDc-Dczi 

[0 0 0 9] aSODC-DC3>/^^af 

tz&mzm&?'&Mmmm<o&mmm&m&m&&& 
mi^Dc-Dca >a— ^r^jcm^mavout 
ffi^mEEVout<Di^i>Dc - dc=j>/n*~ ^^^>m^m 

ffi Vout<D<£<^D C -D C ZJ >rt—&\Z$lfr-?T&mtfii 



i 



(3) 

5 

[0 0 10] Mx.lt* &7^JEVout<Di^?j<7)DC- 
DC3>A-^A^ m7 (b) (D^mA\Z5k~TUJr^ 
l/-y3>»tt«:ft?, m^®JEVoutc£><£^/jCDDC 
-DC3>;WB^ 07 (b) CDHi&BlC^-ri^ 

- D C 3 > £ A?? JCttJI&S tl*«8K©ffl^ 

t^©DC-DC3>A- ^BtCte, ±IBDC-DCn 
>A— ^AOffi**EEVoutt»^tifc«i«ffi I bOiM 10 
1«^DC-DC3>A- Affile 6 iI^T5o £<7)^ 

«at»«K:SH lt±ed c-dc^ wt— * b \z\zm 

[0011] — ±IBD C - D C a >A— ^ A 

TfcL feffif^©«*e«S6» I cK*rr*JLEi»««EiI« 
ICjeHU^J£» I b«r»5fe*^««ffll a ( I a = 

Ib+Ic) ©««E€rm*bS:ttn«S:^«:Vi 0 
«K ±EDC-DC3>A- ? Aft<Dmmmffi&&±Z 

fe^lC, t^itTt^DC-DC3>A-^r B 1l:lil 20 
^SEEVout<m££o^£i;£<h, m^jSEEVoutOiS 
l>?j<Z)D C - D C 3 >A*— ^ A £<£(^yj(£>D C - D C 3 

iIM«^cDC - D C 3 >/\*— * S8«t5 d £ 
lC££p 30 
[0 0 13] 

sfgttT^^ -r&:b*>* ii^i t — ^3-f 

T^-tj--s> ?Lti\z& k> ±mm& m» & few b ±§g a -r ^ 
\zfflwvTj&nm<Dmmmzwffl'T2>y&nmwm^8it so 
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[0 0 14] m2<D¥tmt. A^JtE^X-f y ^ISI^CD 

ffig«lbTftWfc:ffi^-r&H»|g«Eg^«^feD C - D 
C3>A*-^lC;B^T, A-f ^y^Sl^ ttftJWM^atCjlP 

[0015] m 3 OfPJiteu ±E» 1 ©»^©«fi£*«B 

[0 0 16] m4O^0J«, ±E»l©«W0)«fiK€:« 
S^ifira#JCfeS««EJKBJi©«8S*tt£HU, Z.<D&m 

Lrznm<Dfa$izm^T&nffi&&to^zm&£i&h 

[0 0 17] ±E«^05!^JC^l^T, 25««t««]^R 

trie j»««»iw^a*<x-f * 
fif^x-f y^>#mft*Amti&&i£<Dmimjjfaiz 
mm?** z.<D&o\z, mnffi.wm^&&mft-rz>zt 

tc£^T> *^0DC-DCn>/\-^H i^m^ico 

[ooi8] cmao, ^m^Mmtcjgai^cg&n a q<z> 
?mzb. afe^J8tt$tiTt^a»oDc-Dcn>A 

[0 0 19] 
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[0020] *mwmz, mmm.<Dmmm$:mffl-?z>rz 

>^tt, ^^0, ihtimm^ (-) f&zmnffimm 
mm\z^xmmm(Dmm^(D^mm\znT^ih^m 

3 yW&a&gf-^&olZ, DC-DC3>A- ^OIhIS§ 
[0 0 2 1 ] Jife<Dck5&l^zLl/-->'3 >#tta£|f 

It^Ci^o ZtllzMLT. m2 (a) (7)^/3 
lZ^-r^oU^(DU^fn.iy — ^B >#ttj3 £|#oTV> 
^if-B^te, JiEf^^cOilJEEfilV x (D^t — A — i^ji — F 
m/E^D C - D C 3 >A^^ODm^^J{CSlJ!jP LfzmiZ. 

d c - d c n \z\t±Mnmm izj;o *>femz 

[0 0 2 2] Z(D^5\Z. _tEl/^U— >3 >$H£a 

&&fzi±z>zt\z£y) . Dc-DC3>A-^i;i5tt^ 

fflmmtk & RSitr & £ t & *jm t & s . 

[0 0 2 3] *SB9J#«U D C - D C n >/1— ^ £ _LB 
WWft U^tzl U—zs 3 >#tt a ZftttZtzlb IZ, MM 

mm^faizfflmLTmmffi&mmm&wm^zmmmm 

ffl^&L £rD C - D C 3 > A— ^ JCffi^jitf £ £ X. 
[0 0 2 4] JtlBj»«SElft»I^St2?«8Eai»J^©<Z)a- 

[0025] mi iz\t±K&nm&to¥&i£mnmimm 

«:J*OHaBfiE«R«Sr{iAfcD C - D C n >A— ^0)31 1 

C-DC3>/W 1 ttiefta!^^^— Fn>A— 
h7>X2^flt^^o £<Z)F^>A 2 

±E— #:3-nU3 0>tefflfl|3 btCttMOS -FETA^e 
SSX'f y f *f 5 © K K >«#*»Sft, ZLCDX-C 
y 3-n=f- 5 ©V — XfflliA*ffi«tt»4 b KStt^n 
£0 ±EA*ffl»«ffi4 a*fliSS<Z)A*«fi6«)iEfiffl 

A*«JB6{c»«Sn-5. 
[0 0 2 6] it. h^>A 2co-*n<;l/7(0— igfll 
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7atCte, MOS-FET^&A«flEiKMRMS8K»8 
©y— HBJt, -f >A— ^9<0A#«£* MOS-FE 

^ >^>+i- 1 2 <z>-sffl 1 2 a ta^n^nsjffisnr 
[0027] ±m-A^^ )i7 <Dmmm7 biziz. _bte 

ftJB^SfidiES 8 CO y- Affl«±IBte8E«Jra»iSSKS 1 0 

©y-xfflicftttsn. (E««iiiMBE«* 1 0 ©y— h 

y-x«H±©»ttW»ctt^3— ^n>f;n 3<B-*Iffl 
tfMaft, C©?3— im-f;H 3 ©ffiWAIfctJiE 3 ? 
»n>x>1fl 2 0DMSffl I Jl 2 bJC«jR$nTVi-5. 

[0 0 2 8] _hfB¥^n >^>1t 1 2 KcatBAMttttflS 
14 a, 1 4 b^LTftf 1 5**afcJ0lC»|*an-5. 

[0 0 2 9] ±IBh^>A 2tt=2fc3>f;H 8^flT 
^3D, CCDSfcn-fJH 8C0— SSfflU 8 aHH^t- 
F 1 9 0>#y — Fffltf£* □>r>-!t20(7)-Si20a 

20 tmfngi$nti^, ±iEH*n-r;n sons 

««18bk:|j:^t-F2 1 ©*y— H«**»i*S 
F 1 9 ©7/ — Fffl!l<h, ^33-r;i/2 2<D— *8fflfo&* 

8i^ni^^o e:oo^3— ;i/2 2coffisgflijtc« 

±En>^>ij-2 0OM^ffl2 0 b«$ntl^o 
d(DI3>7 :f >-y-2 0tCttSSt#:2 3, 2 4 0@^S# 

[0 0 3 0] JiEffiKtt 2 3, 2 4 (OSgttaBfCtt^-^T 

>^2 5©£6A*»f (-) ^sa$n. ^o^-^r 

30 >y2 5©MKA*Sf ( + ) fzttS«P«S2 6 OiE 
iffl^88$n, ^7>^2 5©HJ*flltt3>/tl/- 
^2 7©*gfiA*af ( + ) C8«$nT^5. ^ 
fe, ±E^^7>^2 SOSfeAAMTfflJiiai^fll^co 
WttfiS#2 8(hn>^>1t2 9<0&ffl«IEffi<Z>S?iJ& 

[0 0 3 1] ±En >/t V-*? 2 7 (D^gA^Sf 
(-) KttH*lifcf8iR8 3 0©UA«3W»tt*n, a> 
AU-^2 7 0tB*fiJ«g9EA-r-/^*T5 0y--hffl!| 

40 [0 0 3 2] Sfc, fflEttRft2 3, 2 4 0gl^t 
^T>^2 5©RteA*a^^:©«KfflXJCttPNP h 
5>^A^ 3 1 tf)X^ ^^fiO^^^n, PNPh7> 

^^^3 i<Dziu?7?m\zizm.m t fc3 2o-a«^»« 
«fit#3 2o>ffi«ffltty^>F«iJcsa$nT^ 

So 

[0 0 3 3] JiEPNP h^>>?A^3 l^-Xil; 

#-1*- F3 5(D^y-F{IJ<h. y-f^"— F3 60)7jy 
— F«t^n-etl»a$tl, ±En>^>it3 3ooftfi 

50 a«t, fi*i*3 4<Dffia«ttt-€-ti-€ f ny^>F«fc 
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y-f 3 6©7/-F«IK:ttJ£ttfc3 8©— «HB9^ 

[0 0 3 5] ±ESE»Effl|sJfl!fi8iESB 8 <h< >/t— * 9 <h 
tEXflflfflaiaES 1 0t^pm3>7 :? >itl 2tf3^ 

[0 0 3 6] H 2 1, 1 9 <hn>T ? >1t2 

0 «^5 L 3-^3<;i/2 2 fC^^T, ±IBm^mjEVout 
**fflr«ffiA«EE*tHl§l»4 1**«J* Stress. = 

*n-on 8 iB*$n5x*^-ttD c - d c □ 

5tCttS*$tlsmA«£EVoutJC» 

g§4 naiEs^-on sa^ffi^snsxsswEE^ 

£EVout<Z>lftUi*JBEi: bTttl*TS fe^TftS. 

[0037] ±ttt^T>72 6 <tn> 

A 4 !/-^ 2 7 £}gta#2 8 ch3>^>-9-2 9 

±Effl*SJEtftm®&4 
ut€:l9:i£©«£E«Jc^£f X< y 5 (DX-T 

HMTIi, $iJffll[Hj&4 2 te, ±f53>/N°l/— ^2 7(E>m 

*«w^x-f y^*^ 5 ©fflifBisi^ffl-cftsy — h\zm 

3 (b) JC^*r«fc3^:#J»«ffiTfe-5/^X«»«^* 

t©fi^ft:*rfi){c:pI^SJWL,TX-f y 5 <D*>m 

m&*!%EfflmTZ> 0 MmTflbt. fam®&4 2\*. X-f 

-?z>*>mmt<Dtt (t/T) > ^m^mmvouto^ 

[0 0 3 8] C©*l«>jtlB»!l«fc*(fiTW«WttW 

JiEzi >^>1* 3 3 3 4 , 

3 7, 3 8ty>f*-H3 5, 3 6 K J: o T*J« S *IT 
430, WEi!!««»IB^Stt±BBPNP h^>^^3 

[0 0 3 9] i3l:filiffi^IibT'/^ 



(5) <HffF3 3 9 1 3 2 0 
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(a) * (b) fc«?\fc3K* ««**iii*L-0>&tf> 
ft<Z>X l/y*>3 )V Ki)5*ii:^oTX'f y 5 ifi 

>-v-xp«imEE (x^yy*^©«diEAffla*«M© 

[0 04 0] CtltC*fLT> M4 (a) > (b) i^T 

&o\z, m.mmf>mnisT\,*z>£:z\zfc, x-fyf*? 

10 5 LTfeM y^Sff 5 © H W >*ffi«2!«8E 

-on 3K*»$nfcx*;M=— a*x<-r 

5 CD;t 7 J; o T b ^ >X 2 (D^^cffl^ €> —*ffl'J fefcif 

[0 04 1] *«W#tt±E«««EHpJC»#ft»*JC* 
IU X-f *f 5©y- ME^R£O*>810 
20 XU-/v3^K«EE**T*D, X-fy^SSTS 

h) T*at#»ci»**&t(k»t"*JiE*««lft»^S 

4 3*»J«l/&. 

[0 0 4 2] at«ttj51f84 3lt -hE^-f 

*-F3 5 £ t&ififc 3 7 &rt*«m«EE*ffl*ST* 
5y-HE*B¥St, ±E^ H3 6tttttflc 

3 8 ^ 5**PSaiiffi»tH¥S"C»5 H l/>f >-V— A 

30 fdf 5 (&y— h«JBEa*K^0>:* >K1SC0X U *y~> 3 ;P H 

$:ffiM^3>T>1i-3 3 tffiitff 3 4*^J*Sifi«aK 
[0 0 4 3] dcomi O^JgJ^JBflSJfC^-rDC-DCZl 

m i ©«iii«iifl^«(r)T*t>i»ttn&j:Eie*aHftfti 

40 [0 0 4 4] JiEiS5«SESitt¥R4 3©^t-H3 5 

*fc. ^ t - H 3 6 <hfiS^ 3 8 HX< 7 f if 5 
KK>1E (HK>-V-XBiE) tftlBU d 

n^ttaau^y— h«je. KK>iE^n-fna> 

^>1t3 3 43J:^Stt*3 4{cj&PAS 0 3>^>+^3 3 
i:fifii#3 4tt±EttlA^tlfe«JEE^*i;fcH3 (f) 
^14 (f) tc^-rJ:-9^mfiE^±fB2?mdita]a¥S4 

4 CO P N P h^>>?X^3 KO^-XimtCjUaAS. 

[0 04 5] Cl(D3>^>it3 3, fifi^3 4^^PN 
50 P h7>^^3 1©^— X«lCBU*Sn*«flEtt. ± 



(6) 
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mx$>K>. frz>, X-f yf*?50HH >mEE^iS?m 
(f) tc^T^tc, Mi^tti^imo 

3<h#K:te, PN P h 7>^^ 3 1 0t>8if El/ 

[0 0 4 6] JiEPNP h^>>>X^3 lte±E»««K 
2 4(D««8W>S*^7>:/2 5<DRteA*amc:|fi]j&* 

ta^2 3, 2 4a>»mm^^att^n^ns.\^nm^ 

ttSLZo CCom/3E<£T(CcfcoT, HWlslK4 2^6A-T 

X 4B t t&*JE£# o T A -f y 5 <D* >1glMtfi& < fx 

0, Affi»*«Jt3ft*itllp-r*tt*. ttS*«EEVout^ii 

[0047] cwii^ffiMwiCctnn -bifi^m 

«tt»¥S4 3 i:iS?m«tai©J^S4 4 ftK»tTiB*aK9 
«Kf^ttAlH**«Jtfti«lHlS-a:*«l*tU, 0 2 
(a) ©gfeBa^-Tck'P&W^U^zLU— ->3 

[0048] z.<d&oiz. Mnffi<Dmn&&wffl-?z>£ 
mvrzj:? teffi&<D®immm & m±r z> z. t &x% z> . 

[0 0 4 9] C<Dmi©^Jfi^!S0yf*^bfeDC 

mznx^zm&coD c-Dca *wucai*«BE 

^&izmmLrcmnffimm\z&zm&mm&&tt*z. 40 

[0 0 5 0] ^J5gfc£fT5DC-DCn>A* 
— ^co?-£, ffl^jEVoutGDii&^DC-DC:3>A-- 
^A^)$9l/*al/-y3 >»tt^tfH2 (b) (O 
mmAlZ^-T&ofrftlSi&TFls. £fc. ffi^mJEVout 
(Dfe^ D C - D C a > A*— 9 B A^O U— is 3 > 

»ft^«^.BB2 (b) cD^BiC^-r^^^tt^:^ 
t^idi^o cnJCckD. ±£DC-DC3>A-^ 
A^bDC-DCa >A— ^ B 'vCOigmD&Oii^fite I 
b* «(?)l/^l/-y3>#tt^0 7 50 
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(b) \z^-t&mm<Dmffi>m i bicit^x. teste 

Z(Dtz&. i£«»tffitttCjgBWfc-tBDC-D 

[0 0 5 1 ] &tz. ±EDC-DCn>A*— *A©ffl« 
fit), ±EDC-DC3>/t— ^B^OiS?tt8Eji««^ 
'JsU<UZ>rz£>\Z$L'p\s. zn\Z£D. DC-DC3> 

[0052] z<D£?\z. mmffi.<Dmmm&w$]Tz>z 
t&x^z>z\t\z£-DT. nmmm&ft?mz, mmm 
mmizBm\srzm!kmiM*&&\zM%aT2> zt&xz. 

[0053] &tfiz* m2(ommmmM^mmr^o 

[0 0 5 4] Z\<D&2<DMffi]&mmz&\,*T&WLmi3:Z. 

IBm 1 (O^MJBffiWT?^ Lfc<fc 5 tCX-T y 5 CO K 

K 0 5iC^Tct:5te, ffi^mEE^miHl 

B4 10^-ft-H19, 2 1©7/-K«H±©j8« 
^tC|g^£nT^£chT&ao 
[0 0 5 5] £fc* C<Z)»2©IIJS^!iWCtt. 2?««E 

h^>5^A^3 l^«fctfSSt#3 2tCft^_T, ^-T^- 

F4 6\z&vm&2nT^zz\tb&mmf£z.tix& 

-60 ±E^t-H4 6©7y-K«H Str[^2 3, 

2 4<Z)SEttBSt^7>^2 sogftAAaftcaa 
SBxtcfgasn* ;:oy-f *- H 4 6 ©* y- H«*» 

«8S«fi]^S4 4(Oai*ffl (3>f>1t3 3, StrC^3 

4) fcsa^nTOis. 

[0 0 5 6] ±E«*t©»f£teffiE» 1 V&Wmmt. 

mm-e&K>* z(Dm2<D^mwm&\<DmwT*\*. we* 

[0 0 5 7] 03 (a) . (e) &£tf04 (a) . 
(e) tC^T^te, X>f7^f50)KK>fE^ 

mm«imiHiK4 i izteiizy-c i 9, 2107; 
m&tzm&L. mmmKommmmmiz^^oizx-f 

S*3 8l:J;oT±E^*-H19, 2KOTV-K 
«©«E*«IHLT±EA< y 5(^)KK >^JE 

[0058] c<om2(ommmmmx\t. 
g4 3H mmmmm\z^^x. x-r yfjffsoy- 

0. A-f yf*f5©KH >«JE^««ffittffi 
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4 4 <Dy-( =t— H 4 6 V- KffiiJ(7)mj!££&T2-fr 

Scfc^tctgj&^nx^So 
[0059] c<Dtz&* mm&tmmmzu, 

#2 3, 2 4C0^^^»^^T>7 P 2 5 \Z^O%M 

^T>^2 5 (££fcA**Smc A*>f ^miE^fST-t- 
£o ££>ig^ $ffl[Hj&4 2frt>Z,^y3 L m^5\Zl)U?L 

[0060] z<D^2(Dmmmmm\z^x^. mzm 
i ^ifs^wi^stc, mmffi.tk%\^&4 3 <hisaffi 

ttix&mft&mtiuts^zm&tL. meh2 (a) ess 
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CLAIMS 



(57) [Claim(s)] 

[Claim 1] Have the transformer which has a primary coil and a secondary coil, 
connect a switching device to a primary coil at a serial, and the rectification 
smoothing circuit which has a synchronous detector is connected to a secondary 
coil. In the DC-DC converter which carries out electrical-potential-difference 
conversion of the input voltage supplied to a primary coil from input power to the 
input-output-conversion ratio which becomes settled by the switching operation 
of a switching device being, and is outputted to a load from a rectification 
smoothing circuit The tertiary coil prepared in the above-mentioned transformer, 
and the output voltage detector which is connected to this tertiary coil and 
outputs a detection electrical potential difference, The control circuit which 
outputs control voltage based on the detection electrical potential difference of 
this output voltage detector, and carries out adjustable control of the "on" period 
of the above-mentioned switching device in the stabilization direction of output 
voltage, A reverse current detection means to detect the reverse current which 
tends toward an input side from an output side, By reducing the detection 
electrical potential difference of the above-mentioned output voltage detector, 
when a reverse current is detected The DC-DC converter characterized by 
establishing a reverse current control means to control the above-mentioned 
control circuit, to control the switching operation of the above-mentioned 



switching device in the increment direction of the above-mentioned input-output- 
conversion ratio, and to control the amount of energization of a reverse current. 
[Claim 2] In the DC-DC converter equipped with the synchronous detector which 
carries out electrical-potential-difference conversion of the input voltage to the 
input-output-conversion ratio which becomes settled by the switching operation 
of a switching device being, and is outputted to a load A reverse current 
detection means to detect the reverse current which accomplishes a switching 
device with the configuration by which switching operation is controlled based on 
the control voltage applied to a control terminal area, and tends toward an input 
side from an output side, A reverse current control means to control the switching 
operation of a switching device in the increment direction of the above-mentioned 
input-output-conversion ratio, and to control the amount of energization of a 
reverse current when a reverse current is detected is established. A control 
voltage detection means by which this reverse current detection means detects 
the control voltage of the above-mentioned switching device, A both-ends 
electrical-potential-difference detection means to detect the both-ends electrical 
potential difference between the current I/O edges of a switching device, The 
above-mentioned control voltage is under the threshold voltage of an ON drive of 
a setup of a switching device. And the DC-DC converter characterized by having 
a reverse current detection signal output means to output a reverse current 
detection signal when the both-ends electrical potential difference of a switching 
device is in the low-battery condition produced according to a reverse current, 
and being constituted. 

[Claim 3] A reverse current detection means is the DC-DC converter according to 
claim 1 characterized by detecting it as detecting an input current or the 
energization current of a switching device, and the reverse current energizing 
when this detection value is below the set point. 

[Claim 4] A reverse current detection means is a DC-DC converter according to 
claim 1 characterized by having accomplished with the configuration which 
detects the current on the current path from which it originates in reverse current 



energization, and the sense of a current turns into reverse sense, and detects a 
reverse current based on the sense of this detected current. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the DC-DC converter equipped 
with the synchronous detector built into switching power supply equipment etc. 
[0002] 

[Description of the Prior Art] As everyone knows, the DC-DC converter built into 
switching power supply equipment etc. once changes the input voltage Vin of a 
direct current into an alternating current by the switching operation of a switching 
device (for example, MOS-FET), and are rectification and a thing which carries 
out smooth and outputs the electrical potential difference Vout of a direct current 
to a load by the rectification smoothing circuit about this alternating voltage. With 
such a DC-DC converter, adjustable control of the above-mentioned output 
voltage Vout can be carried out by controlling the switching operation of the 
above-mentioned switching device. If it puts in another way, the ratio (input- 



output-conversion ratio) of output voltage Vout to input voltage Vin will become 
settled by the switching operation of a switching device. Switching motion control 
of the above-mentioned switching device is performed in order to detect output 
voltage Vout and to stabilize the above-mentioned output voltage Vout in the 
electrical-potential-difference value of a setup from this based on this detection 
electrical potential difference. Moreover, in order to aim at reduction of flow loss 
as a rectifier of the above-mentioned rectification smoothing circuit in recent 
years, what uses a synchronous detector has been increasing. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, it may originate in the 
rapid rise of input voltage Vin, or energization current reduction of a load, and a 
bigger electrical potential difference (overshoot electrical potential difference) 
than the output voltage Vout currently supplied to the load from the DC-DC 
converter may be impressed by the output side of a DC-DC converter. 
[0004] In such a case, the charge according to the above-mentioned overshoot 
electrical potential difference is charged by impression of the above-mentioned 
overshoot electrical potential difference at the smoothing capacitor of a 
rectification smoothing circuit. If the impression condition of an overshoot 
electrical potential difference is canceled and the electrical potential difference of 
the output side of a DC-DC converter returns to the electrical-potential-difference 
value of a stationary after that, the charge of the smoothing capacitor by which 
charge was carried out [ above-mentioned ] will discharge at the moment. Under 
the present circumstances, since the electrical-potential-difference value 
acquired by originating in the switching motion control of the switching device of 
the descent direction of the output voltage Vout by impression of the above- 
mentioned overshoot electrical potential difference, and carrying out the 
multiplication of the input-output-conversion ratio to input voltage Vin is lower 
than the both-ends electrical-potential-difference value of a smoothing capacitor, 
the charge which discharged from the above-mentioned smoothing capacitor 
flows towards the input side of a DC-DC converter, and serves as a reverse 



current which tends toward an input side from the output side of a DC-DC 
converter. 

[0005] Even if the above-mentioned overshoot electrical potential difference is an 
electrical potential difference slightly higher than the output voltage Vout of a 
stationary, the amount of energization of this reverse current will become very big, 
will originate in that big reverse current energization, and various problems will 
produce it. 

[0006] Such a big reverse current energizes because it had a regulation property 
as shown in drawing 7 (a) in the DC-DC converter equipped with the 
conventional synchronous detector. That is, in the former, with the DC-DC 
converter of the type which performs rectification **** using a synchronous 
detector and outputs the output voltage Vout of a direct current, as shown in 
drawing 7 (a), the amount of fluctuation of the increment direction of the output 
voltage Vout to the amount of fluctuation of the reduction direction of the output 
current (inclination) had a loose regulation property. In addition, the field whose 
output current shown in drawing 7 R> 7 (a) is forward (+) is a field which the 
output current is energizing towards an output side from the input side of a DC- 
DC converter, and the field whose output current is negative (-) is a reverse 
current energization field which the reverse current is energizing towards an input 
side from the output side of a DC-DC converter. 

[0007] At the former, the big reverse current of a current value Ix will energize the 
inside of a DC-DC converter also only by few overshoot electrical potential 
differences called Vx in an electrical-potential-difference value being impressed 
by the output side of a DC-DC converter, since it has a regulation property as 
shown in drawing 7 (a). 

[0008] It is added to the components with which big current stress constitutes the 
DC-DC converter by this big reverse current energization, and there is fear of 
components breakage. Moreover, in the DC-DC converter which has the 
transformer, the choke coil for rectification smooth, and the synchronous detector, 
the big electromagnetic energy by reverse current energization is accumulated in 



the above-mentioned choke coil or a transformer at the "on" period of a switching 
device, and there is a possibility of the big electrical potential difference based on 
the accumulated energy being impressed by the switching device and the 
synchronous detector for rectification smooth at the moment the switching device 
turned off, and damaging a switching device and a synchronous detector. Thus, it 
originated in big reverse current energization, and the components breakage 
problem of a DC-DC converter had arisen. 

[0009] Moreover, the use gestalt of the parallel operation which connects two or 
more DC-DC converters to a load at juxtaposition may be taken. In case such 
parallel operation is performed, dispersion in output voltage Vout may arise 
among two or more DC-DC converters by which parallel connection is carried out 
[ above-mentioned ]. In such a case, a reverse current flows toward a DC-DC 
converter with low output voltage Vout from a DC-DC converter with high output 
voltage Vout. 

[0010] For example, DC-DC converter A with the higher output voltage Vout has 
the regulation property shown in the continuous line A of drawing 7 (b), and DC- 
DC converter B with the lower output voltage Vout presupposes that the value of 
the current which has the regulation property shown in the continuous line B of 
drawing 7 (b), and is supplied to a load from two or more whole DC-DC 
converters which are carrying out parallel operation is Ic. In this case, to DC-DC 
converterB with the lower output voltage Vout, the reverse current of the current 
value lb based on the output voltage Vout of the above-mentioned DC-DC 
converter A energizes from the DC-DC converter A side. It originates in this 
reverse current energization, and loss occurs in the above-mentioned DC-DC 
converterB. 

[001 1] Moreover, in order to, compensate the insufficiency lb resulting from the 
above-mentioned reverse current energization to the amount Ic of supply current 
to a load with the above-mentioned DC-DC converterA on the other hand, the 
current of a current value la (la=lb+lc) must be outputted. For this reason, the 
amount of energization currents in the above-mentioned DC-DC converter A will 



become large, and loss will increase. As mentioned above, if dispersion in output 
voltage Vout arises between the DC-DC converters which are carrying out 
parallel connection at the time of parallel operation, loss of the both sides of DC- 
DC converter A with the higher output voltage Vout and DC-DC converter B of 
the lower one will increase, and the problem that circuit efficiency will get worse 
will arise. 

[0012] This invention is accomplished in order to solve the above-mentioned 
technical problem, and that purpose is in offering breakage of the components 
which controlled the amount of energization of a reverse current and originated in 
reverse current energization, and the DC-DC converter equipped with the 
synchronous detector which can prevent the increment problem in loss resulting 
from a reverse current at the time of parallel operation. 
[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
this invention is taken as a means to solve said technical problem with the 
configuration shown below. Namely, the 1st invention is equipped with the 
transformer which has a primary coil and a secondary coil, connect a switching 
device to a primary coil at a serial, and the rectification smoothing circuit which 
has a synchronous detector is connected to a secondary coil. In the DC-DC 
converter which carries out electrical-potential-difference conversion of the input 
voltage supplied to a primary coil from input power to the input-output-conversion 
ratio which becomes settled by the switching operation of a switching device 
being, and is outputted to a load from a rectification smoothing circuit The tertiary 
coil prepared in the above-mentioned transformer, and the output voltage 
detector which is connected to this tertiary coil and outputs a detection electrical 
potential difference, The control circuit which outputs control voltage based on 
the detection electrical potential difference of this output voltage detector, and 
carries out adjustable control of the "on" period of the above-mentioned switching 
device in the stabilization direction of output voltage, A reverse current detection 
means to detect the reverse current which tends toward an input side from an 



output side, By reducing the detection electrical potential difference of the above- 
mentioned output voltage detector, when a reverse current is detected It is 
considering as a means to solve said technical problem with the configuration in 
which a reverse current control means to control the above-mentioned control 
circuit, to control the switching operation of the above-mentioned switching 
device in the increment direction of the above-mentioned input-output-conversion 
ratio, and to control the amount of energization of a reverse current is formed. 
[0014] In the DC-DC converter equipped with the synchronous detector which the 
2nd invention carries out electrical-potential-difference conversion of the input 
voltage to the input-output-conversion ratio which becomes settled by the 
switching operation of a switching device being, and is outputted to a load A 
reverse current detection means to detect the reverse current which 
accomplishes a switching device with the configuration by which switching 
operation is controlled based on the control voltage applied to a control terminal 
area, and tends toward an input side from an output side, A reverse current 
control means to control the switching operation of a switching device in the 
increment direction of the above-mentioned input-output-conversion ratio, and to 
control the amount of energization of a reverse current when a reverse current is 
detected is established. A control voltage detection means by which this reverse 
current detection means detects the control voltage of the above-mentioned 
switching device, A both-ends electrical-potential-difference detection means to 
detect the both-ends electrical potential difference between the current I/O edges 
of a switching device, When the above-mentioned control voltage is under the 
threshold voltage of an ON drive of a setup of a switching device and it is in the 
low-battery condition which the both-ends electrical potential difference of a 
switching device produces according to a reverse current, it is characterized by 
having a reverse current detection signal output means to output a reverse 
current detection signal, and being constituted. 

[0015] The 3rd invention is equipped with the configuration of invention of the 
above 1st, and a reverse current detection means detects an input current or the 



energization current of a switching device, and when this detection value is below 
the set point, it constitutes detecting it as the reverse current energizing as a 
description. 

[0016] The current on the current path from which the 4th invention is equipped 
with the configuration of invention of the above 1st, a reverse current detection 
means originates in reverse current energization, and the sense of a current 
turns into reverse sense is detected, and it constitutes having accomplished with 
the configuration which detects a reverse current based on the sense of this 
detected current as a description. 

[0017] In invention of the above-mentioned configuration, when a reverse current 
detection means detects a reverse current, a reverse current control means 
controls the switching operation of a switching device in the increment direction 
of an input-output-conversion ratio. Thus, when a reverse current control means 
operates, the DC-DC converter of this invention will have the regulation property 
that the amount of fluctuation of the increment direction of the output voltage to 
the amount of fluctuation of the increment direction of a reverse current is rapid. 
For this reason, for example, when an overshoot electrical potential difference is 
impressed by the output side of a DC-DC converter, it becomes possible to 
control sharply the amount of energization of the reverse current resulting from 
that overshoot electrical-potential-difference impression compared with the 
former. 

[0018] Thereby, breakage of the components resulting from reverse current 
energization can be prevented mostly. Moreover, since the amount of 
energization of the reverse current resulting from dispersion in these output 
voltage can be small controlled when dispersion in output voltage is among two 
or more DC-DC converters by which parallel connection is carried out, also in 
case parallel operation is performed, the increment in loss of the DC-DC 
converter by the reverse current can be eased, and aggravation of circuit 
efficiency can be prevented. 
[0019] 



[Embodiment of the Invention] Below, the example of an operation gestalt 
concerning this invention is explained based on a drawing. 
[0020] In order to control the amount of energization of a reverse current, this 
invention person invented constituting the circuit of a DC-DC converter in the 
reverse current energization field to which a regulation property, i.e., the output 
current, as shown in the continuous line alpha of drawing 2 (a) becomes negative 
(-) so that it might have the regulation property alpha that the amount of 
fluctuation of the increment direction of the output voltage Vout to the amount of 
fluctuation of the increment direction of a reverse current is rapid. 
[0021] When the overshoot electrical potential difference of the electrical- 
potential-difference value Vx is impressed by the output side of a DC-DC 
converter by having the above regulation properties alpha, the reverse current of 
a current value Iz will energize to a DC-DC converter. On the other hand, when it 
has the conventional regulation property beta as shown in the chain line beta of 
drawing 2 (a) and the overshoot electrical potential difference of the same 
electrical-potential-difference value Vx as the above is impressed by the output 
side of a DC-DC converter, a DC-DC converter will be markedly resembled 
rather than the above-mentioned current value Iz, and the reverse current of the 
big current value Ix will energize. 

[0022] Thus, the amount of energization of the reverse current in a DC-DC 
converter can be sharply controlled by giving the above-mentioned regulation 
property alpha compared with the former. It becomes possible to prevent various 
problem generating which originated in big reverse current energization by this. 
[0023] this invention person invented building into a DC-DC converter a reverse 
current detection means to detect a reverse current, and a reverse current 
control means to control the switching operation of a switching device in the 
increment direction of an input-output-conversion ratio, and to control the amount 
of energization of a reverse current when a reverse current is detected, in order 
to give the regulation property alpha peculiar to the above to a DC-DC converter. 
[0024] Although various configurations can be considered for each circuitry of the 



above-mentioned reverse current detection means and a reverse current control 
means and any [ these ] circuitry can be taken, the concrete example of circuitry 
is shown below. 

[0025] The 1st example of an operation gestalt of the DC-DC converter equipped 
with the synchronous detector which the above-mentioned reverse current 
detection means and a reverse current control means are built into drawing 1 , 
and has the regulation property alpha peculiar to the above is shown. That is, 
DC-DC converter 1 shown in drawing 1 is an insulating mold forward converter, 
and has the transformer 2. End side 3a of the primary coil 3 of this transformer 2 
is connected to input-side connection 4a, the drain side of the switching device 5 
which consists of MOS-FET is connected to other end side of above-mentioned 
primary coil 3 3b, and the source side of this switching device 5 is connected to 
input-side connection 4b. The upstream of a transformer 2 is connected to input 
power 6 by connecting input-side connection 4b to the positive-electrode side of 
the input power 6 of the direct current by the above-mentioned input-side 
connection 4a again at the negative-electrode side of the above-mentioned input 
power 6, respectively. 

[0026] Moreover, end side 12a of a smoothing capacitor 12 is connected [ the 
gate side of the rectification side synchronous detector 8 which consists of MOS- 
FET ] to end side of secondary coil 7 of transformer 2 7a, respectively the input 
side of an inverter 9, and the drain side of the commutation side synchronous 
detector 10 which consists of MOS-FET. 

[0027] The drain side of the above-mentioned rectification side synchronous 
detector 8 is connected to other end side of above-mentioned secondary coil 7 
7b, it connects with the source side of the above-mentioned commutation side 
synchronous detector 10, and the output side of the above-mentioned inverter 9 
is connected to the gate side of the commutation side synchronous detector 10 
by the source side of this rectification side synchronous detector 8. Moreover, the 
end side of a choke coil 13 is connected to the connection by the side of [ of the 
above-mentioned rectification side synchronous detector 8 and the commutation 



side synchronous detector 10 ] the source, and the other end side of this choke 
coil 13 is connected to other end side 12b of the above-mentioned smoothing 
capacitor 12. 

[0028] A load 15 is connected to the above-mentioned smoothing capacitor 12 
through the output side connections 14a and 14b at juxtaposition. 
[0029] The above-mentioned transformer 2 has the tertiary coil 18, and end side 
20a of a capacitor 20 is connected to end side of this tertiary coil 18 18a the 
cathode side of diode 19, respectively. The cathode side of diode 21 is 
connected to other end side of above-mentioned tertiary coil 18 18b, and the end 
side of a choke coil 22 is connected to the anode side of this diode 21 the anode 
side of the above-mentioned diode 19. Other end side 20b of the above- 
mentioned capacitor 20 is connected to the other end side of this choke coil 22. 
The series connection object of resistors 23 and 24 is connected to this capacitor 
20 at juxtaposition. 

[0030] The inversed input terminal (-) of an operational amplifier 25 is connected 
to the connection of the above-mentioned resistors 23 and 24, the positive- 
electrode side of a reference supply 26 is connected to the non-inversed input 
terminal (+) of this operational amplifier 25, and the output side of an operational 
amplifier 25 is connected to the non-inversed input terminal (+) of a comparator 
27. Moreover, it connects through the resistor 28 and the series connection 
object for the phase corrections of a capacitor 29 between the inversed input 
terminal side of the above-mentioned operational amplifier 25, and the output 
side. 

[0031] The output side of the triangular wave oscillator 30 is connected to the 
inversed input terminal (-) of the above-mentioned comparator 27, and the output 
side of a comparator 27 is connected to the gate side of said switching device 5. 
[0032] Moreover, the emitter side of PNP transistor 31 is connected to the 
connection X of the connection of said resistors 23 and 24, and the inversed 
input terminal of an operational amplifier 25, the end side of a resistor 32 is 
connected to the collector side of PNP transistor 31, and the other end side of a 



resistor 32 is connected to the gland side. 

[0033] The cathode side of diode 36 is connected to the base side of above- 
mentioned PNP transistor 31 the cathode side of diode 35 the end side of a 
resistor 34 the end side of a capacitor 33, respectively, and the other end side of 
the other end side of the above-mentioned capacitor 33 and a resistor 34 is 
grounded at the gland side, respectively. 

[0034] The anode side of the above-mentioned diode 35 is connected to the end 
side of a resistor 37, and the°other end side of this resistor 37 is connected to the 
gate side of a switching device 5. Moreover, the end side of a resistor 38 is 
connected to the anode side of the above-mentioned diode 36, and the other end 
side of this resistor 38 is connected to the drain side of a switching device 5. 
[0035] The rectification smoothing circuit 40 is constituted by the above- 
mentioned rectification side synchronous detector 8, the inverter 9, the 
commutation side synchronous detector 10, the smoothing capacitor 12, and the 
choke coil 13. This rectification smoothing circuit 40 is rectification and a thing 
which carries out smooth, turns the electrical potential difference Vout of a direct 
current to a load 15, and supplies it about the alternating voltage outputted from 
the secondary coil 7 of a transformer 2. 

[0036] The output voltage detector 41 which detects the above-mentioned output 
voltage Vout is constituted by the above-mentioned diodes 21 and 19, the 
capacitor 20, and the choke coil 22. The energy outputted from a tertiary coil 18 
supports the output voltage Vout outputted to a load 15 from a DC-DC converter. 
Using this, smooth is carried out, and the above-mentioned output voltage 
detector 41 pressures partially rectification and the electrical potential difference 
obtained by this rectification and smooth actuation by resistors 23 and 24 for the 
alternating voltage outputted from the above-mentioned tertiary coil 18, and 
outputs this partial pressure electrical potential difference as a detection electrical 
potential difference of output voltage Vout. 

[0037] The control circuit 42 is constituted by the above-mentioned operational 
amplifier 25, a reference supply 26, the comparator 27, the resistor 28, the 



capacitor 29, and the triangular wave oscillator 30. This control circuit 42 controls 
the switching operation of a switching device 5 based on the detection electrical 
potential difference of the output voltage Vout outputted from the above- 
mentioned output voltage detector 41 that it should be stabilized in the electrical- 
potential-difference value of a setup of output voltage Vout. In this 1st example of 
an operation gestalt, a control circuit 42 adds the pulse-shape signal which is 
control voltage as shown in the gate which is the control terminal area of a 
switching device 5 from the output side of the above-mentioned comparator 27 at 
drawing 3 R> 3 (b), carries out adjustable control of the pulse width t of that 
pulse-shape signal in the stabilization direction of output voltage Vout, and 
carries out adjustable control of the "on" period of a switching device 5. If it puts 
in another way, a control circuit 42 will carry out adjustable control of the duty 
ratio (ratio of "on" period t to the 1 period T of turning on and off (t/T)) of a 
switching device 5 in the stabilization direction of output voltage Vout. Thereby, 
adjustable control of the output voltage Vout is carried out, and stabilization of 
output voltage Vout is attained. 

[0038] In this 1st example of an operation gestalt, said characteristic reverse 
current detection means is constituted by the above-mentioned capacitor 33, 
resistors 34, 37, and 38, and diodes 35 and 36, and said reverse current control 
means is constituted by above-mentioned PNP transistor 31 and the resistor 32. 
[0039] By the way, while the reverse current is not energizing to drawing 3 , the 
current energized on the main circuitry components of a DC-DC converter or the 
example of a wave of an electrical potential difference is shown, and the 
energization current of the main circuitry components at the time of reverse 
current energization or the example of a wave of an electrical potential difference 
is shown in drawing 4 . As shown in above-mentioned drawing 3 (a) and (b), 
while the reverse current is not energizing, the drain electrical potential difference 
(electrical potential difference between the drain-sources (both-ends electrical 
potential difference between the current I/O edges of a switching device)) of a 
switching device 5 is rising from zero at the moment the gate voltage of a 



switching device 5 became under the threshold voltage of an ON drive of a setup, 
and the switching device 5 turned off, rapidly beyond the electrical-potential- 
difference value Vs based on the input voltage Vin of input power 6. 
[0040] On the other hand, as shown in drawing 4 (a) and (b), while the reverse 
current is energizing, even if a switching device 5 turns off, the period P which is 
not changed by reverse current energization from a low-battery condition (that is, 
this 1st example of an operation gestalt 0 volts) produces the drain electrical 
potential difference of a switching device 5. The energy accumulated in the 
choke coil 13 of the rectification smoothing circuit 40 by reverse current 
energization arises by [ of a switching device 5 ] therefore being transmitted to 
the upstream from secondary [ of a transformer 2 ] off, and this phenomenon is a 
phenomenon characteristic at the time of reverse current energization. 
[0041] Paying attention to the phenomenon characteristic at the time of the 
above-mentioned reverse current, this invention person formed an above- 
mentioned reverse current detection means 43 to detect a reverse current, when 
the gate voltage of a switching device 5 was under the threshold voltage of an 
ON drive of a setup and it was in the low-battery condition (that is, this 1st 
example of an operation gestalt 0 volts) which the drain electrical potential 
difference (both-ends electrical potential difference) of a switching device 5 
produces according to a reverse current. 

[0042] That is, a gate voltage detection means by which the reverse current 
detection means 43 is a control voltage detection means to consist of the above- 
mentioned diode 35 and a resistor 37, The above-mentioned diode 36, the 
electrical-potential-difference detection means between the drain-sources (drain 
electrical-potential-difference detection means) which is a both-ends electrical- 
potential-difference detection means which consists of a resistor 38, and the gate 
voltage of a switching device 5 under with below the threshold voltage of an ON 
drive of a setup And when the drain electrical potential difference (both-ends 
electrical potential difference) of a switching device 5 is in a low-battery condition, 
it has the capacitor 33 which outputs a reverse current detection signal, and the 



reverse current detection signal output means which consists of a resistor 34, 
and is constituted. 

[0043] The DC-DC converter shown in this 1st example of an operation gestalt is 
constituted as mentioned above. Below, in this 1st example of an operation 
gestalt, an example of each circuit actuation of the most characteristic above- 
mentioned reverse current detection means 43 and the reverse current control 
means 44 is explained briefly. 

[0044] The diode 35 and the resistor 37 of the above-mentioned reverse current 
detection means 43 apply to a capacitor 33 and a resistor 34 the gate voltage 
and the drain electrical potential difference which detected the gate voltage of a 
switching device 5, and diode 36 and a resistor 38 detected the drain electrical 
potential difference (electrical potential difference between the drain-sources) of 
a switching device 5, and were these-detected, respectively. A capacitor 33 and 
a resistor 34 apply to the base side of PNP transistor 31 of the above-mentioned 
reverse current control means 44 an electrical potential difference as shown in 
drawing 3 (f) according to the electrical potential difference applied the account of 
a top, and drawing 4 (f). 

[0045] When the above-mentioned gate voltage is under the threshold voltage of 
an ON drive of a setup and it is in the low-battery condition which the drain 
electrical potential difference of a switching device 5 produces according to a 
reverse current, this capacitor 33 and the electrical potential difference outputted 
to the base side of PNP transistor 31 from a resistor 34 fall rather than the time of 
other conditions, as shown in drawing 4 (f). In this 1st example of an operation 
gestalt, the circuit constant is set up so that it may become the signal in which 
the base electrical potential difference of that lowered PNP transistor 31 has the 
ON driver voltage level of a setup. That is, a capacitor 33 and a resistor 34 are 
outputted to the base side of PNP transistor 31 by making a signal with the ON 
driver voltage level of PNP transistor 31 into a reverse current detection signal, 
when the reverse current has arisen. 

[0046] Above-mentioned PNP transistor 31 is turned on in response to the 



above-mentioned reverse current detection signal. Thereby, a part of current 
which faces to the inversed input terminal of an operational amplifier 25 from the 
connection of resistors 23 and 24 carries out splitting to PNP transistor 31 
through a resistor 32 from said connection X. For this reason, although the 
electrical potential difference which originates in said overshoot electrical- 
potential-difference impression at the time of reverse current energization, and is 
outputted from the connection of resistors 23 and 24 is increasing from the time 
of a stationary, the electrical potential difference inputted into the inversed input 
terminal of an operational amplifier 25 will fall rather than the time of a stationary. 
As a result of pulse width t of the pulse-shape signal added to the gate of a 
switching device 5 from a control circuit 42 spreading, the "on" period of a 
switching device 5 becoming long and an input-output-conversion ratio's 
increasing by this sag, output voltage Vout increases. 
[0047] Since the characteristic regulation property alpha as considered as the 
configuration which establishes the above-mentioned reverse current detection 
means 43 and the reverse current control means 44, and an input-output- 
conversion ratio is made to increase at the time of reverse current energization 
and shown in the continuous line alpha of drawing 2 (a) was given to the DC-DC 
converter according to this 1st example of an operation gestalt, when a reverse 
current occurs, the amount of energization of that reverse current can be sharply 
controlled compared with the former. 

[0048] Thus, since the amount of energization of a reverse current can be 
controlled, the breakage problem of components by a big reverse current 
energizing which were mentioned above can be prevented. 
[0049] Moreover, in case parallel operation is performed using the DC-DC 
converter shown in this 1st example of an operation gestalt, even if dispersion in 
output voltage Vout arises among two or more DC-DC converters by which 
parallel connection is carried out, the increment in loss by the reverse current 
energization resulting from dispersion in that output voltage Vout can be eased, 
and aggravation of circuit efficiency can be prevented. 



[0050] That is, a property as the regulation property which shows a property as 
the regulation property which DC-DC converter A with output voltage Vout high 
among the DC-DC converters which perform parallel operation has shows to the 
continuous line A of drawing 2 (b), and DC-DC converter B with low output 
voltage Vout has shows to the continuous line B of drawing 2 (b) will be shown, 
thereby, the amount of energization of the reverse current from the above- 
mentioned DC-DC converterA to DC-DC converter B becomes lb 1 , compared with 
the amount lb of currents of the reverse current shown in drawing 7 (b) with the 
conventional regulation property, is boiled markedly and becomes small. For this 
reason, loss of the above-mentioned DC-DC converter B resulting from reverse 
current energization can be controlled small. 

[0051] Moreover, since the amount of reverse current energization to the above- 
mentioned DC-DC converter B decreases, the amount of energization of the 
above-mentioned DC-DC converter A can also decrease, and thereby, it can also 
control loss of DC-DC converter A. 

[0052] thus, in case parallel operation is performed by the ability controlling the 

amount of energization of a reverse current, the increment in loss resulting from 

reverse current energization can be boiled markedly, it can ease, and 

aggravation of circuit efficiency can be prevented. 

[0053] Below, the 2nd example of an operation gestalt is explained. 

[0054] It being characteristic in this 2nd example of an operation gestalt is that 

the end side of the resistor 38 of the reverse current detection means 43 is 

connected to the connection by the side of [ of the diodes 19 and 21 of the output 

voltage detector 41 ] an anode as said 1st example of an operation gestalt 

showed and it is shown in drawing 5 instead of the drain side of a switching 

device 5. 

[0055] Moreover, it is also characteristic that the reverse current control means 
44 replaces with PNP transistor 31 and resistor 32 which were shown in said 1st 
example of an operation gestalt, and consists of this 2nd example of an operation 
gestalt with diode 46. It connects with the connection X of the connection of 



resistors 23 and 24, and the inversed input terminal of an operational amplifier 25, 
and the cathode side of this diode 46 is connected to the output side (a capacitor 
33, resistor 34) of the reverse current detection means 44 by the anode side of 
the above-mentioned diode 46. 

[0056] Configurations other than the above are the same as that of said 1st 
example of an operation gestalt, in explanation of this 2nd example of an 
operation gestalt, the same sign is given to the same component as said 1st 
example of an operation gestalt, and that duplication explanation is omitted. 
[0057] As shown in drawing 3 (a), (e), and drawing 4 (a) and (e), when it is in a 
low-battery condition, the drain electrical potential difference of a switching 
device 5 originates in reverse current energization, and the electrical potential 
difference by the side of the anode of the diodes 19 and 21 in the output voltage 
detector 41 turns into a negative electrical potential difference, and when other, it 
is a forward electrical potential difference. In this 2nd example of an operation 
gestalt, paying attention to that phenomenon, as shown in said 1st example of an 
operation gestalt, the low-battery condition of the drain electrical potential 
difference (both-ends electrical potential difference) of a switching device 5 was 
not detected directly, but it has the configuration which detects the electrical 
potential difference by the side of the anode of the above-mentioned diodes 19 
and 21, and detects indirectly the low-battery condition of the drain electrical 
potential difference (both-ends electrical potential difference) of the above- 
mentioned switching device 5 by the above-mentioned diode 36 and the resistor 
38. 

[0058] In this 2nd example of an operation gestalt, the reverse current detection 
means 43 It is under the threshold voltage of an ON drive of a setup of the gate 
voltage of a switching device 5 by reverse current energization. And when the 
drain electrical potential difference of a switching device 5 is in a low-battery 
condition (that is, condition negative in the electrical potential difference of the 
connection by the side of [ of diodes 19 and 21 ] an anode) The electrical 
potential difference by the side of the cathode of the diode 46 of the reverse 



current control means 44 is reduced, and it is constituted so that the applied 
voltage of diode 46 may turn into more than ON driver voltage. 
[0059] For this reason, at the time of reverse current energization, diode 46 turns 
on, a part of current which faces to an operational amplifier 25 from the 
connection of resistors 23 and 24 shunts toward a diode 46 side by said 
connection X like said 1st example of an operation gestalt, and the electrical 
potential difference inputted into the inversed input terminal of an operational 
amplifier 25 falls. Consequently, pulse width t of the pulse-shape signal added to 
a switching device 5 from a control circuit 42 is expanded, an input-output- 
conversion ratio increases, and output voltage Vout increases. 
[0060] Also in this 2nd example of an operation gestalt like said 1st example of 
an operation gestalt It considers as the configuration to which an input-output- 
conversion ratio is made to increase while the reverse current detection means 
43 and the reverse current control means 44 are established and the reverse 
current is energizing. Since the characteristic regulation property alpha as shown 
in said drawing 2 (a) can be given to a DC-DC converter, the amount of 
energization of a reverse current can be controlled and various problems 
resulting from reverse current energization can be prevented. 
[0061] Below, the 3rd example of an operation gestalt is explained. In addition, in 
explanation of this 3rd example of an operation gestalt, the same sign is given to 
the same component as said each example of an operation gestalt, and that 
duplication explanation is omitted. 

[0062] As the reverse current detection means 43 is shown in drawing 6 , it has 
resistors 47 and 48, a capacitor 49, a reference supply 50, and an operational 
amplifier 51 , and is constituted, and the reverse current control means 44 is 
constituted from this 3rd example of an operation gestalt by diode 46. The other 
configuration is the same as that of said each example of an operation gestalt. 
[0063] That is, in this 3rd example of an operation gestalt, a resistor 47 is 
connected to the source side of a switching device 5 at a serial, the end side of a 
resistor 48 is connected to the connection this resistor 47 and by the side of the 



source of a switching device 5, and the other end side of a resistor 48 is 
connected to the non-inversed input terminal (+) of an operational amplifier 51 
the end side of a capacitor 49, respectively. The positive-electrode side of a 
reference supply 50 is connected to the inversed input terminal (-) of an 
operational amplifier 51 , and the negative-electrode side of the other end side of 
the above-mentioned capacitor 49 and a reference supply 50 is connected to the 
gland side, respectively. The cathode side of diode 46 is connected to the output 
side of the above-mentioned operational amplifier 51 , and the anode side of this 
diode 46 is connected to Connection X like said 2nd example of an operation 
gestalt. 

[0064] The DC-DC converter of this 3rd example of an operation gestalt is 
constituted as mentioned above, and shows briefly the example of the 
characteristic reverse current detection means 43 and the reverse current control 
means 44 of operation in this 3rd example of an operation gestalt below. 
[0065] For example, a resistor 47 is outputted to the integrating circuit which 
detects the drain current energized to a switching device 5, and consists of a 
resistor 48 and a capacitor 49. This integrating circuit integrates with the above- 
mentioned drain current, and adds it to the non-inversed input terminal of an 
operational amplifier 51 . Compared with the drain current of the switching device 
5 at the time of un-energizing [ of the reverse current shown in drawing 3 (c) ], as 
shown in drawing 4 (c), at the time of reverse current energization, the drain 
current of a switching device 5 is very low. From this, the electrical potential 
difference inputted into the non-inversed input terminal of an operational amplifier 
51 from the above-mentioned integrating circuit will fall more sharply than the 
time of un-energizing [ of a reverse current ] at the time of reverse current 
energization. 

[0066] In this 3rd example of an operation gestalt, the fall of the input voltage to 
the non-inversed input terminal of the operational amplifier 51 at the time of the 
above-mentioned reverse current energization is used, and the electrical 
potential difference of the output side of an operational amplifier 51 is reduced at 



the time of reverse current energization, and like said 2nd example of an 
operation gestalt, it is set up so that diode 46 may turn on. For this reason, at the 
time of reverse current energization, diode 46 will be in an ON state by actuation 
of an operational amplifier 51 , and a part of current which faces to an operational 
amplifier 25 from the connection of resistors 23 and 24 shunts toward a diode 46 
side from Connection X like said each example of an operation gestalt, 
consequently output voltage Vout increases. 

[0067] Since according to this 3rd example of an operation gestalt it constituted 
like said each example of an operation gestalt so that it might accomplish with 
the configuration to which an input-output-conversion ratio is made to increase 
and might have said characteristic regulation property alpha when the reverse 
current had arisen, the amount of energization of a reverse current can be 
controlled and various problems resulting from big reverse current energization 
can be prevented. 

[0068] Moreover, in case parallel operation is performed, when dispersion in 
output voltage Vout has arisen among two or more DC-DC converters by which 
parallel connection is carried out, the amount of energization of the reverse 
current resulting from dispersion in the output voltage Vout can also be controlled, 
the increment in loss resulting from reverse current energization can be eased, 
and aggravation of circuit efficiency can be prevented. 

[0069] In addition, this invention is not limited to each above-mentioned example 
of an operation gestalt, and can take the gestalt of various operations. For 
example, it may replace with the reverse current detection means 43 shown in 
each above-mentioned example of an operation gestalt, and the reverse current 
detection means of a configuration as shown below may be established. For 
example, a reverse current detection means is good also as a configuration 
which detects a reverse current, when the sense of the current which has the 
current sensing element prepared in an output side, and is detected by this 
current sensing element rather than a smoothing capacitor 12 becomes the hard 
flow which faces to a smoothing capacitor 12 from a load 15. Moreover, a 



reverse current detection means is good also as a configuration which detects a 
reverse current based on the sense of the current which has the current sensing 
element prepared on the current path which goes to a primary-coil 3 side from 
input power 6, and is detected by this current sensing element. 
[0070] Furthermore, it may replace with the above-mentioned resistor 47, and a 
current transformer may be formed, and although it was the configuration of 
detecting the drain current of a switching device 5 using a resistor 47, you may 
constitute from an example of an operation gestalt of the above 3rd so that this 
current transformer may detect the drain current of a switching device 5. 
Furthermore, although the drain current of a switching device 5 was detected, 
and it was the configuration which detects reverse current energization in the 
example of an operation gestalt of the above 3rd when the integral value of this 
detected drain current was below the set point, it is good also as a configuration 
which detects the drain current of a switching device 5, and detects reverse 
current energization, for example when the above-mentioned drain current in the 
"on" period of a switching device 5 is below the set point. Thus, it is good also as 
a configuration which detects reverse current energization, without using the 
integral value of the detected current. Furthermore, although reverse current 
energization was detected in the example of an operation gestalt of the above 
3rd using the drain current of a switching device 5, the input current supplied 
from input power 6 is detected, and when this detection value or the detected 
integral value of an input current is below the set point, it is good also as a 
configuration which detects a reverse current. 

[0071] Furthermore, although the DC-DC converter of each above-mentioned 
example of an operation gestalt was the thing of a forward converter method, this 
invention may be applied also to the thing of converter methods other than a 
forward converter method (for example, a flyback converter method etc.). 
Furthermore, although the DC-DC converter of an insulating mold was made into 
the example and each above-mentioned example of an operation gestalt 
explained it, this invention may be applied also to non-insulating mold DC-DC 



converters, such as a pressure-lowering converter. Although the DC-DC 
converter of each above-mentioned example of an operation gestalt was the 
thing of a single output, this invention can be applied also to the DC-DC 
converter of many outputs further again. Of course, each circuitry of the 
rectification smoothing circuit 40, the output voltage detector 41, and a control 
circuit 42 is not limited to the configuration of each above-mentioned example of 
an operation gestalt, either. 
[0072] 

[Effect of the Invention] According to this invention, the reverse current detection 
means and the reverse current control means were established, and when a 
reverse current was detected by these reverse current detection means and the 
reverse current control means, it had the configuration which controls actuation 
of a switching device in the increment direction of an input-output-conversion 
ratio. By this configuration, a DC-DC converter can have the characteristic 
regulation property which can control the amount of energization of a reverse 
current at the time of energization of a reverse current. 
[0073] From this, when an overshoot electrical potential difference is impressed 
by the output side of a DC-DC converter, the DC-DC converter equipped with the 
epoch-making synchronous detector which was not until now that the amount of 
energization of the reverse current resulting from the overshoot electrical- 
potential-difference impression can be controlled can be offered. 
[0074] As mentioned above, since the DC-DC converter of this invention can 
control the amount of energization of a reverse current, it can avoid mostly the 
breakage problem of the components based on energization of a big reverse 
current, and can raise the durable dependability of a DC-DC converter. 
[0075] Moreover, in case parallel operation is performed, even if dispersion in 
output voltage arises among two or more DC-DC converters by which parallel 
connection is carried out, it can control by having a regulation property peculiar to 
the above of the amount of energization of the reverse current resulting from 
dispersion in the output voltage, and the increment in loss resulting from 



energization of a reverse current can be eased. Thereby, aggravation of circuit 
efficiency can be prevented. 

[0076] What [ the above-mentioned reverse current control means has a control 
voltage detection means, a both-ends electrical-potential-difference detection 
means, and a reverse current detection signal output means, and consists of] 
What [ a reverse current detection means detects an input current or the 
energization current of a switching device, and detects energization of a reverse 
current when this detection value is below the set point ] If it is in some which 
detect the current on the current path from which it originates in reverse current 
energization, and the sense of a current turns into reverse sense, and detect a 
reverse current based on the sense of this detection current, it is easy circuitry, 
and a reverse current can be detected and the same outstanding effectiveness 
as the above can be done so. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the circuitry Fig. showing the 1st example of an operation gestalt. 
[Drawing 2] It is the graph which shows the characteristic regulation property 



acquired from a characteristic configuration in this invention. 
[Drawing 3] While the reverse current is not energizing, it is the wave form chart 
showing the electrical potential difference energized on the main circuitry 
components of the DC-DC converter shown in drawing 1 , or the example of a 
wave of a current. 

[Drawing 4] While the reverse current is energizing, it is the wave form chart 
showing the electrical potential difference energized on the main circuitry 
components of the DC-DC converter shown in drawing 1 , or the example of a 
wave of a current. 

[Drawing 5] It is the circuitry Fig. showing the 2nd example of an operation 
gestalt. 

[Drawing 6] It is the circuitry Fig. showing the 3rd example of an operation gestalt. 
[Drawing 7] It is the graph which shows the regulation property in the DC-DC 
converter equipped with the conventional synchronous detector. 
[Description of Notations] 
1 DC-DC Converter 
5 Switching Device 

8 Rectification Side Synchronous Detector 
10 Commutation Side Synchronous Detector 
12 Smoothing Capacitor 
15 Load 

31 PNP Transistor 

32, 34, 37, 38, 47, 48 Resistor 

33 49 Capacitor 

35, 36, 46 Diode 

40 Rectification Smoothing Circuit 

41 Output Voltage Detector 

42 Control Circuit 

43 Reverse Current Detection Means 

44 Reverse Current Control Means 
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